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ABSTRACT
Physiological Effects o f Progressive Relaxation in Trained 
Runners During Subm axim al Treadm ill Exercise
by
Thomas J. W estendorf
Dr. John C. Young. Examination Committee Chair 
Professor o f  Kinesiology 
University o f Nevada, Las Vegas
To determine the physiological effects o f  a one-week progressive relaxation protocol 
on exercise efiSciency, five trained, male runners volunteered to participate in this study.
Initially, each participant completed a maximum oxygen consumption (V02max) test using
a modified Astrand treadmill protocol. Upon completion, the participants ran at 65 
percent o f  VOjmax for 25 minutes, this was labeled as the exercise control trial. Next, each 
participant listened to 20 minutes o f progressive relaxation while being monitored for
oxygen consumption (VCb), heart rate (HR), systolic blood pressure (SB?), and minute
ventilation (V e ). Each participant then practiced progressive relaxation daily, for 20
minutes at rest, and 2-3 times in the same week during training runs. On the seventh day. 
the participants were monitored again at rest, and the results were compared with the first
iii
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day o f  progressive relaxation training using a dependent t-test. Finally, the participants 
ran at the same 65% o f V02max while practicing progressive relaxation, which was
labeled as the exercise treatment trial. At rest, there was a 11% (p> 0.05) reduction in HR 
when the first exposure to PR was compared with the last exposure. There was no
significant (p>0.05) difference in VO2 , SB?, and Vg. During exercise, there was a 6%
(p>0.05) reduction in Vg when the control exercise trial was compared with the treatment
exercise trial (i.e., practicing PR). There were no significant (p>0.05) differences in HR,
VO2 . and SBP. The results o f  this study show that h is possible to reduce heart rate
during progressive relaxation at rest, after one week o f training. In addition, the results o f 
this study indicate that although there was a significant reduction in minute ventilation
during exercise, VCh did not change. These results suggests that there was no carry-over
efifect while exercising, therefore one week o f  progressive relaxation may not be long 
enough or an effective technique to conserve energy while exercising.
IV
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CHAPTER 1
INTRODUCTION
Meditation has been used historically for centuries as a tool for expanding one’s 
consciousness, or increasing mental clarity in and out o f  specific religious contexts. It has 
predominately been used by inhabitants o f  Asia and other Eastern countries. The Western 
world largely overlooked meditation until the nineteen-fifties when a form o f meditation 
known as Transcendental Meditation (TM) was introduced by Maharishi Mahesh Yoga 
(Maharishi, 1995). At this time, the scientific community began to investigate the effects 
o f  meditation on the human body. More specifically, investigators began to focus on the 
physiological effects o f  practicing meditation while at rest. Wallace and Benson began 
studies on the effect o f  TM on heart rate (HR), blood pressure (BP), oxygen consumption
(VO2 ), and other dependent variables (Wallace. 1970; Wallace & Benson. 1972; Wallace.
Benson, & Wilson, 1971). Some o f  these studies incorporated exercise with meditation in 
an effort to conserve energy by decreasing some o f  the aforementioned variables (Benson. 
Dryer. & Hartley, 1978).
The relaxation response (RR) is said to produce a "hypometabolic" state in which 
one’s heart rate, oxygen consumption, blood pressure, and lactate levels decrease
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(Benson, Beary, & Carol, 1974). It has been proposed that this response may be mediated 
through two ways: (I) decreased sympathetic nervous system activity; (2) increase in 
parasympathetic nervous system (PsNS) activity or PsNS "dominance” (Benson et al, 
1974). Hess (1957) described an area in the anterior hypothalamus, termed the 
trophotropic zone, as reducing blood pressure and respiratory rate when under control via 
the PsNS. Hess (1957) characterized this response as a "protective “ mechanism, 
protecting one from being over stressed. This response is exactly opposite o f the "fight or 
flight” response which Cannon (1941) described as being used in stressful situations by 
animals. The "stress” response is characterized by increases in heart rate, blood pressure, 
and respiratory rate, all o f  which prepare the body to expend energy.
Progressive relaxation (PR) is an excellent method for eliciting the RR and has been 
used for more than forty years (Jacobson, 1978). PR is a simple technique that, as its 
name implies, progressively relaxes all o f  the major muscle groups starting with the upper 
extremities and continuing to the lower. Generally it is practiced anywhere from thirty to 
sixty minutes per session.
Research has indicated that many long distance runners practice several different types 
o f  self-regulation (i.e., controlled breathing, imagery, use o f  repetitive word or phrase) 
techniques while running (Callen, 1983). It was the purpose o f the current study to 
combine PR with running in an attempt to economize treadmill exercise.
Purpose o f  the Studv
The present study was designed to determine the physiological effects (i.e., HR, BP.
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V0 2 ) o f progressive relaxation on running economy, using trained runners as participants. 
Need for the Studv
In today's high performance athletic arena, optimizing exercise performance is one of 
the keys to winning. There are many different types o f ergogenic aids designed to 
economize exercise, and one o f  them may by through the use o f  a relaxation technique In 
an effort to decrease heart rate and oxygen consumption.
At rest, relaxation techniques such as transcendental meditation and progressive 
relaxation have clearly been shown to significantly decrease the aforementioned 
physiologic variables (Mararishi, 1995, Jacobson, 1978). Therefore, the next logical step 
is to integrate a relaxation technique with aerobic exercise, to determine if an individual 
posses the mental ability to influence the autonomic nervous system (self-regulation).
Five studies have investigated the effects o f  practicing relaxation techniques while 
performing physical exercise. Three groups o f  researchers (Benson, Dryer, & Hartley, 
1978; Gervino & Veazey, 1984; and Ziegler, Klinzing, & Williamson, 1982) reported
decreases in energy cost during submaximal exercise, as a result o f  decreased VO?. On
the other band, Ashley, Rajab, Timmons, Smith, & Nutrie and Cadarette, HofiBnan, 
Caudill. Kutz, Levine, Benson, & Goldman (1995; 1982) reported no change in heart rate
and VCh, suggesting that exercise was not economized. Ashley et aL (1995) did find
significant decreases in heart rate and VO2  when participants trained in standardized
meditation, as opposed to progressive relaxation as reported above. Therefore, the need 
for this study exists because o f  the lack o f  agreement in the literature regarding the effects 
o f  relaxation techniques during submaximal running.
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Statement o f Hypotheses
Null - Practicing progressive relaxation while performing submaximal treadmill 
running does not alter the physiological response when compared with not 
practicing progressive relaxation.
Alternate - Practicing progressive relaxation while performing submaximal treadmill
running does decrease the physiological response when compared with not 
practicing progressive relaxation.
Limitations o f  the Studv
1. Although the study included a wide age range o f males (20 - 55 years o f  age), 
the results may not apply to women o f  any age, and men under the age o f  20 and 
over 55.
2. The compliance o f  the participant with respect to practicing progressive 
relaxation when scheduled.
3. The mood o f the participant during practice o f  PR at rest and exercise, and 
maybe more importantly during testing.
4. The length o f PR training and how well each individual participant was able to 
leam it.
5. The participants belief in the idea o f  influencing ones physiologic response to 
exercise.
6. The ability o f  the participant to practice PR during running exercise.
7. The training status o f  each participant, with respect to mechanical efficiency.
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
CHAPTER 2 
REVIEW OF LITERATURE 
Introduction
There is a large body o f  knowledge in the literature supporting changes in heart rate, 
oxygen consumption, and blood pressure resulting from o f eliciting the relaxation 
response. Although the majority o f  these studies have monitored the participants while at 
rest, only a few have combined meditation with exercise. Due to the limited amount o f 
information that is published specifically related to exercise and meditation, this chapter 
will discuss different meditation techniques during resting and exercising states.
Types o f Meditation
There are numerous techniques that can be defined as meditative techniques that are 
used throughout the world. Relaxation has been associated with different types o f 
meditation, and is often a desired goal or an end result o f practicing some o f  these 
techniques. But what is the definition o f  meditation? Shapiro and Lehrer (1984, pg. 6) 
state that "meditation refers to a family o f techniques which have in common a conscious 
attempt to focus attention in a nonanalytical way and an attempt not to dwell on
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discursive, ruminating thought.” Transcendental meditation, progressive relaxation, and 
Benson’s relaxation response are examples o f  meditation techniques which may elicit a 
feeling o f  relaxation (Maharishi 1995, Jacobson, 1978, Benson et al. 1974). On the other 
hand, more “physically” demanding meditation techniques such as Hatha yoga, which 
integrates breathing patterns with stretching movements may not produce a relaxed state 
according to the working definition o f  relaxation (Funderburk, 1977). The following 
section will examine the many different types o f  meditation focusing on their similarities 
and differences.
Transcendental Meditation
Transcendental Meditation (TM) is a technique used to rise above the limits o f  normal 
states o f  consciousness. That is, to achieve a fourth state of consciousness beyond 
waking, sleeping, and dreaming (Maharishi, 1995). TM stems from an ancient Vedic 
tradition which has been practiced in India for centuries. In 1957. Maharishi Mahesh 
Yogi introduced TM to the rest o f  the world and began teaching it to others. This 
technique is universal in nature; therefore, everyone possesses the ability to practice it and 
produce positive results. It does not require any difficult training, nor does it requires 
special mental abilities or “powers.” For these reasons, TM has been the most widely 
studied form o f meditation by the western scientific community, with more than 500 
research articles produced within the last 30 years (Maharishi, 1995).
TM is taught on an individual basis by a qualified teacher who is trained through the 
Maharishi Vedic University system. The training o f the student requires a week long 
instruction period where the student meets with the teacher on a daily basis. TM  is to be
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practiced twice daily for 15 to 20 minutes per session. Ideally sessions should take place 
in the morning before breakfast, and at night before dinner. The practice, like other forms 
o f  meditation, requires a quiet environment as well as a comfortable position. TM focuses 
on  a word or phrase given to the student by the instructor, defined as a "mantra,” which is 
repeated throughout the session (Benson, 1975). The mantra, along with passive 
concentration, allows the mind to “flow fi-eely” without concentrating on anything else. If 
any distracting thoughts do arise, the student is to disregard them and continue to 
passively concentrate on the meditation exercise.
The Relaxation Response 
The term relaxation response (RR) was coined by Benson et al. (1974) to describe the 
neurological and physiological effects o f  different meditation techniques. The RR is 
theorized to be the result o f  “an integrated hypothalamic response which results in 
generalized decreased sympathetic nervous system activity, and perhaps increased 
parasympathetic activity” (Benson et al., 1974, p.37). This response was first described 
by Hess (1957), as a result o f  a  classic experiment in which he stimulated an area o f  a cat’s 
hypothalamus and produced what he termed the “trophotropic response.” The 
physiological response to this stimulation was a lowering o f  blood pressure, respiration 
rate, and possibly heart rate (Hess, 1957). Wallace (1970) and Wallace et al. (1971) 
produced similar physiologic results using human subjects who practiced Transcendental 
Meditation. Each study reported a decrease in oxygen consumption of 17 to 20 percent 
while the participants practiced TM.
The RR can be elicited through a variety o f  different meditation techniques, all o f
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which share similar induction methods (Benson, 1975). Benson states that there are “four 
basic elements” to meditation that will elicit the RR (1975, p 87). The first element is a 
quiet environment, which is required in order to reduce external stimuli to a minimum.
The second element involves repeating a word, phrase, or sound throughout the entire 
session. The purpose o f  this is to “clear the mind” and to “shift from logical, externally- 
oriented thought” to passive concentration (Benson, 1975, p. 87, Benson et al., 1974, 
p.38). The third element is a passive attitude which is required to “empty all thoughts and 
distractions from one’s mind” (1975, p. 78). According to Benson, this is the key to 
successful elicitation o f  the RR. The fourth and final element is a comfortable position.
Progressive Relaxation 
Progressive relaxation was developed by Edmund Jacobson, a medical doctor, for the 
purpose o f  controlling or decreasing the amount o f  tension in muscles. The long range 
goal is for the body to “instantaneously monitor all o f  its numerous control signals, and 
automatically relieve tensions that are not desired” (Leher & WoolfoDc, 1993. p.21). The 
basic technique involves the contraction and subsequent relaxation o f all major muscle 
groups in a systematic manner. The purpose o f  contracting muscles is to let the 
participant experience what a contracted or tense muscle feels like. Once contracted, the 
participant releases the muscle and completely relaxes it. This process usually starts with 
the upper body and continues downward until the whole body has experienced a relaxed 
state. Since Jacobson originated PR, numerous variations have been introduced. One 
variation concentrates solely on the relaxation portion o f  PR, and assumes the participant 
can already identify when a muscle is contracted.
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Gelhom (1958) investigated the specific mechanisms involved in PR and found a 
neurological pathway that was theorized be activated while eliciting PR. Jacobson later 
summarized Gelhoms’ theory by stating “these findings suggest that a relaxation o f  the 
skeletal musculature is accompanied by a diminution in the state o f  excitability o f  the 
sympathetic division o f the hypothalamus, and through a reduction in the hypothalamic- 
cortical discharges, by a similar reduction in the state o f  excitability o f the cerebral cortex” 
(Jacobson, 1967, p. 155). A reduction in SNS activity is part o f Hess’s theory on the 
tropotrophic response responsible for protecting the body fi-om over stress.
Progressive Relaxation is an excellent method for eliciting the tropo trophic response, 
more commonly known as the relaxation response (Jacobson, 1978). Jacobson suggests 
the participant should lie down on a comfortable surface in a quiet room where they will 
not be disturbed. This is very similar to Benson’s four elements that elicit the RR (Benson 
et al., 1978, Benson, 1975). PR does not require a word or phrase that is repeated per se. 
although focusing on relaxing different muscle groups in a repetitive fashion, could be 
considered very similar. While the RR utilizes passive concentration to achieve a relaxed 
state, with respect to PR, Jacobson states the following; “at no time should you make an 
effort to stop thinking or to make your mind a blank. Throughout the course your sole 
purpose is to relax muscles progressively, letting other effects come as they may” (1978, 
p. 189).
Autogenic Therapy (Training)
Autogenic training (AT) was developed by J. H. Schultz, a German neurologist, for 
therapeutically treating people using a psychophysiological approach. Schultz and Luthe
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(1969) based their development o f  AT from research conducted by Vogt and Brodmann 
on hypnosis and sleep, during the late 1800’s in Berlin, Germany. Vogt discovered 
therapeutic effects as a result o f using an “autohypnotic” technique that employed an 
induction period o f generating feelings o f warmth and heaviness, which Schultz used as an 
induction to AT. Autogenic, when pertaining to AT, is defined as “therapeutic 
implications resulting from a self-induced psychophysiologic shift to a specific state 
(autogenic state) which facilitates autogenic (brain directed, self-generating, self- 
regulatory) processes o f self-normalizing nature” (Schultz & Luthe, 1969, p. 1 ).
Passive concentration, according to Schultz and Luthe, is the most important element o f 
AT in order to produce the psychophysiological “shift” that is needed to induce 
therapeutic benefits (Schultz and Luthe, 1959, 1969 ). Active concentration which 
opposes passive concentration, is goal-orientated or goal-directed and requires the mind to 
focus on a particular thought or thoughts. Passive concentration assumes a “let it happen” 
attitude and is not concerned with the outcome per se, but instead directs the mind to keep 
focused on the task at hand and tries to eliminate distracting thoughts.
Once passive concentration is accomplished, the participant is ready for the six 
exercises that constitute the Standard Exercises o f  AT. The first standard exercise is 
Heaviness and is purported to elicit a feeling o f  muscular relaxation, and other 
physiological responses belonging to the trophotropic system (Schultz & Luthe, 1969).
The participant starts with passive concentration on heaviness o f  their dominant upper 
extremity and continues until the whole body is relaxed. For example, the participant 
makes the mental statement “my right arm is heavy. . .  my left arm is heavy . . . ” and 
continues on throughout the rest o f the body. The second standard exercise is Warmth
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and its purpose is to induce vasodilation o f  the “relaxed” muscles which is accomplished in 
the same manner as the first exercise. The third exercise is Cardiac Regulation. Cardiac 
regulation uses the phrase “heartbeat calm and regular” to synergistically complement the 
trophotropic effects o f  the first two exercises. The fourth exercise is Respiration and is 
very similar to the cardiac regulation exercise. The phrase “breathing calm and regular” or 
“it breathes me” is used to further decrease ones respiratory rate (Rr) and depth, although 
it usually (Rr) decreases significantly before this exercise. The fifth exercise is Abdominal 
Warmth, and it uses the phrase “my solar plexus is warm” to further enhance the 
trophotropic response. Research on the fifth exercise has shown to produce 
psychophysiologic changes including: decrease in central nervous system activity, increase 
in muscular relaxation, and others. The sixth and final standard exercise is Cooling o f the 
Forehead. This exercise is designed to provoke feelings o f  sedation and drowsiness, 
through the use o f contrasting temperatures in different parts o f  the body.
Shultz and Luthe have demonstrated amazing self-control using AT in participants who 
are apparently healthy, and ones with reported illnesses ( 1969). Luthe reported a case 
study in which a 40-year-old man was able to decrease his resting heart rate fi-om 76 beats 
per minute (bpm), to 44 bpm, and subsequently increase it to 144 bpm (1970, p. 58), thus 
illustrating one’s ability to influence or control involuntary physiologic variables using a 
psychophysiologic approach.
Physiologic Responses 
The physiological responses to transcendental meditation have been well documented. 
Although some inconsistencies exist in the literature, the majority o f  the results are similar
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in respect to the dependent variables. The degree o f  change, however, is extremely 
variable for many different reasons. First o f all, the length o f  time or experience that a 
participant has may significantly alter the response (Boone, in press). Secondly, the 
participant may be trying to produce certain results instead o f  concentrating on the 
meditation exercise itself (Bagchi & Wenger, 1957). Lastly, laboratory equipment such as 
the mouthpiece and heart rate monitoring device may interfere with the participant’s 
ability to relax (personal communication, T.W.). More specifically, the mouthpiece may 
only allow the participant to breathe through their mouth, when they may be accustomed 
to nasal breathing during meditation.
Autonomic Nervous System 
The autonomic nervous system is divided into two components; the sympathetic 
nervous system (SNS), and the parasympathetic nervous system (PsNS) (Guyton, 1991). 
The SNS division is also known as the adrenergic system because it utilizes adrenalin or 
epinephrine as a chemical messenger, or neurotransmitter. The PsNS is known as the 
cholinergic branch because it utilizes acetylcholine as a neurotransmitter. The SNS 
supplies the heart through the sympathetic nerve chain, whereas the PsNS supplies the 
heart via the vagus nerves which predominately attaches to the sinoatrial and atrio­
ventricular nodes (Guyton, 1991). When stimulated, the SNS causes an increase not only 
in heart rate, but in the strength o f contraction (contractility) as well. In the case of 
extreme sympathetic stimulation, heart rate can increase up to fourfold fi-om resting state. 
Cannon (1941) labeled sympathetic stimulation as the “fight or flight” response which 
occurs when an animal feels some type o f stress or threat and unconsciously their body
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responds by increasing metabolism, which will enable them to fight or escape the situation. 
On the other hand, PsNS stimulation can cause a drastic reduction in heart rate, in some 
cases even stop the heart momentarily (Guyton, 1991).
Hypermetabolism, such as that which is evoked through the SNS’s fight or flight 
response, has been well documented (Cannon, 1941; Hess, 1957). Hypo metabolism, 
which can be induced through sleep, TM, or similar relaxation techniques, has been 
investigated within the last twenty-five years.
Heart Rate
Heart rate has been the main focus in many previous studies. During meditation, heart 
rate generally decreases markedly as a result o f  being in a relaxed state. In one o f  the 
earliest investigation o f  the effects o f  transcendental meditation (TM), Wallace (1970) 
found a mean decrease in heart rate o f  five beats per minute in a study o f  eleven subjects 
with six months to three years TM experience. The measurements were taken during 
thirty minutes o f  meditation while in the upright position. In a similar study, Wallace et 
al. (1971), found that the mean heart rate decreased by three beats, but did not reach 
significance. In this study. 36 participants served as their own control, although 13 
subjects heart rates were reported.
Benson et al. ( 1978) conducted a study using eight participants with sbc months o f TM 
training. This was the first study to investigate the possibility o f altering ones oxygen 
consumption at a fixed work intensity through the use o f a meditation or relaxation.
While oxygen consumption changed significantly, heart rate did not. Gervino and Veazey 
(1984) replicated Benson’s et al. (1978) study and found similar results. Heart rate did
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not change during exercise while practicing the relaxation response, although very similar 
decreases in oxygen consumption occurred. Both studies used nonhomogeneous 
participants and standardized the exercise using an age-predicted maximum heart rate 
formula (220 - age).
In a recent investigation, Ashley et al. (1995) recruited thirty-one runners to study the 
effects o f  two weeks o f  relaxation training and standardized meditation on the energy cost 
o f  running at two different paces; training pace and race pace. The relaxation training 
group revealed no differences in heart rate, or any other dependent measure. The 
standardized meditation group did significantly decrease heart rates at both training and 
race pace. Therefore, illustrating that different techniques may produce different results 
for different people.
Oxygen Consumption 
Oxygen consumption (VO:) or energy cost, is normally a fixed value and is considered 
a function o f  the task (Astrand & RodahL, 1986). Individual differences may be due to 
differences in efficiency (i.e.. trained vs. untrained, muscle fiber type).
During exercise, the elicitation o f  the RR has resulted in decreased oxygen 
consumption, heart rate, and blood pressure. Benson studied eight heterogeneous 
participants, four males, two o f  whom were physically trained, and four females, all whom 
practiced the RR twice daily for six months. The participants exercised on a cycle 
ergometer at a fixed work intensity which elicited a heart rate response o f  95 to 100 bpm 
for thirty minutes. Oxygen consumption averaged .763 L/min/m* in participants during 
the first control period. .730 L/min/m' during the elicitation o f  the RR while continuing to
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exercise, and .748 L / m i n . during the second and final control period. Benson reported 
that four o f  the eight subjects did not show any change in oxygen consumption, although 
when averaged as a group, VO2 decreased 4 percent during the RR period and increased 
by 2.5 percent during the last control period. Ziegler et al. (1982) found significant 
decreases in oxygen consumption when they compared two groups trained in stress
management with an control group. The participants completed a V02max test and
subsequently performed two identical treadmill runs at 50% VO^max, that were separated
by five and one-half weeks o f  stress management training.
Conversely, Cadarette et al. (1982) found no changes in oxygen consumption or heart 
rate during forty minutes o f  cycle ergometry, using participants trained in relaxation 
(experimental subjects) and non-trained controls. Similarly, Ashley et al. (1995) found no 
significant differences in oxygen consumption, heart rate, or minute ventilation in 
participants who had two weeks o f  progressive relaxation training. In the same study, 
Ashley et al. did find significant decreases in the above mentioned variables in participants
trained in two weeks o f  standardized meditation. Significant reductions in VO2  up to 3.5
ml/kg/min were found while the participants ran at their training pace. The authors 
pointed out that it is possible to decrease the energy cost o f a submaximal running 
workload with as little as two weeks o f  meditation training.
Blood Pressure
Systolic blood pressure (SB?) is the amount o f force generated in the vessels during 
systole, which is the phase o f the cardiac cycle when the left ventricle is ejecting its blood.
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Diastolic blood pressure (DBF) is the amount o f pressure generated in the vessels when 
the heart is filling. Stimulation o f  the trophotropic system may result in a reduction in 
blood pressure, due to an increase in parasympathetic activity (Gelhom & Kiely. 1972). 
Therefore, to some extent blood pressure can be altered by psychologic factors.
Evidence exists demonstrating the ability to lower blood pressure at rest, in 
normotensive and hypertensive subjects, using several different relaxation or meditation 
techniques. Studies involving hypertensive patients using hypertensive medications also 
indicate a significant reduction in SBP upon completion o f a TM program (Jeving et al., 
1992, Benson, Rosner, Marzetta, & KJemchuk, 1974). Benson et al. (1974) found a 
decrease in SBP of 10.6 mmHg after 20 weeks o f practicing TM. in 14 people. Although 
research suggests changes in blood pressure at rest due to TM, very few studies have 
investigated changes during exercise. Gervino and Veazey (1984) designed a study that 
used two control periods and two treatment (RR) periods that resulted in significant 
decreases in systolic blood pressure (during treatment) while cycling at an absolute heart 
rate o f 115 beats per minute. The average decrease in systolic blood pressure was six 
millimeters o f  mercury. In a similar study, Boone and DeWeese (1997) reported 
decreases in SBP up to eight millimeter o f mercury during the treatment (relaxation) 
period o f exercise.
Respiration
Control o f  respiration is similar to that o f the heart because both inherently operate 
automatically as a result o f  the nervous system’s control although the respiratory system 
is more complex with several influencing factors. Further discussion on the specific
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mechanisms controlling respiration are beyond the scope o f  this paper. However, it is 
interesting to point out that respiration can be easily controlled, and to some extent heart 
rate can also be controlled.
Numerous studies have demonstrated that breathing can be altered due to differing 
states o f consciousness (Jevning et aL, 1992,). The effects o f  transcendental meditation 
on respiration were investigated (Wolkove, Kreisman, Darrahg, Cohen, & Frank. 1984) 
using participants experienced in meditation (TM) matched with unexperienced controls. 
They compared the two groups at rest while the participants had their eyes open, and with 
their eyes closed. The experienced group practiced TM while their eyes were closed, and 
the control group simply relaxed. There was no difference in the two groups at rest,
although there was a significant decrease in minute ventilation (Vg) and tidal volume (Tv)
during relaxation/meditation in the experienced group, therefore demonstrating the ability 
to influence respiration through the use o f  meditation.
Earlier work by Wallace et al. (1971) reported similar decreases in Vg while practicing
TM  at rest. More recently, Farrow & Hebert (1982) described greater decreases in 
respiration rate at rest when using long-term TM meditators as participants. They found 
decreases up to 50% in respiration rate.
Endurance Running
Since the introduction o f  aerobics and acceptance o f  the cardiovascular benefits o f 
engaging in aerobic activity, jogging and running have become extremely popular exercise 
modalities to increase ones aerobic capacity. Aerobic training elicits several positive
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cardiorespiratory changes when the principles o f  overload and specificity are applied. 
Changes in the circulatory system include increases in stroke volume and cardiac output, 
and a decrease in heart rate mediated by changes in the autonomic nervous system. The 
PsNS’s neurotransmitter, acetylcholine, is said to “influence the sinus node o f the heart” to 
a greater extent (McArdle, Katch, & Katch, p. 329, 1991). In addition to the heart’s 
increased sensitivity to acetylcholine, SNS activity is believed to decrease just as the RR is 
supposed to be a result o f  an integrated hypothalamus response (McArdle et al., 1991, 
Benson, 1975).
The physiologic and metabolic adaptations to endurance exercise are well known. The 
psychological adaptations or changes are not as well known, although recent 
investigations have shed some light. Exercise training has shown to affect different 
psychological measures in a positive manner in both psychologically unhealthy and healthy 
individuals. Many psychotherapists use running as a therapeutic tool to alter mood, 
decrease depression, and increase overall feelings o f well-being (Sachs & Buffone, 1984). 
Many runners use different cognitive strategies to enhance their run, which may be 
practiced before, during, or after their exercise (Callen, 1983). Whether or not the intent 
o f these cognitive strategies is to enhance physiological variables is not important, the fact 
that most runners practice a (cognitive) strategy is o f interest.
A survey study conducted by Callen (1983) investigated the use o f  auto-hypnosis in 
long distance runners and found an overwhelming percentage o f the runners used a mental 
technique while running. Half o f  the 424 runners surveyed reported experiencing trance­
like state or an altered state o f  consciousness while n.inning, twenty-seven percent o f  this 
group had previous relaxation response training. Other participants reported using a
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variety o f  mental techniques including rhythmical breathing, imagery, and repeated words 
or phrases to achieve a trance-like state (Callen, 1983).
Summary
Meditation and relaxation techniques have been used all around the world for many 
centuries. More recently, the Western scientific communities have investigated the 
physiological effects o f  many different types o f  meditation. Transcendental meditation has 
been the focus o f  over five-hundred studies in the last forty years, and continues to be 
research because o f  its” standardized protocol and large availability o f  subject experienced 
in TM. Although ambiguity exists in the literature due to many differences in 
methodologies, the majority o f  the findings at rest are in agreement with each other. 
Conversely, there is a limited amount of research that has incorporated 
meditation/relaxation with exercise, in an effort to conserve energy.
The possibility o f  altering oxygen consumption and heart rate during exercise, through 
the use o f relaxation, was first investigated by Benson et al. (1978). Eight subjects 
practice relaxation and transcendental meditation twice daily for six months. Upon 
completion, each participant exercised at an absolute heart rate o f 95 - 100 bpm for 40 
minutes, during which they meditated for 10 minutes. Statistical analysis revealed a small 
decrease in oxygen consumption during the meditation period as compared to the 
exercise-only periods. Since this landmark study, a handful o f other studies have resulted 
in equivocal findings. Therefore the current study was designed to analyze the effects o f a 
progressive relaxation technique on running economy, using trained runners as 
participants.
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CHAPTER 3 
METHODOLOGY 
Participants
Five apparently healthy male participants, between the ages o f 20 and 50 years (x = 
34.4, S.D. 8.68) volunteered for this study. Ail participants were trained runners with an 
average VO:max o f  66.68 ml/kg/min (S.D 3 .68). Each participant trained by running on 
the average o f  35.5 miles per week, as self-reported. The study was reviewed and 
approved by the Human Subjects Review Committee from the University o f  Nevada - Las 
Vegas. Participants received an explanation o f  the procedures, risks, and benefits o f the 
study and subsequently signed an informed consent form (Appendix A). Each participant 
completed a PAR-Q health questionnaire before engaging in the study. All participants 
were solicited from local club races and through a sign-up sheet that was located in a local 
running equipment retail store.
Experimental Design
Initially, participants engaged in a maximum oxygen consumption test ( VChmax) using 
a treadmill and a modified Astrand protocol. On a separate day, each participant
20
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performed a submaximal exercise bout set to elicit 65 percent o f  their VOimax- Next, the
participants practiced a one-week progressive relaxation protocol (PR) that consisted o f  a 
total o f  10 PR sessions. During the first exposure to the PR protocol, each participant's
HR and VO2  were continuously measured while in the supine position. Next the
participants engaged in the PR protocol daily for twenty minutes at rest, three times per 
week while on a training run, for one week, for a total o f  10 sessions. During the last
(tenth) session the participants’ HR and VO2  were again measured and compared with the
first session to determine if PR was learned or elicited. The participants then performed a
second submaximal treadmill test, while the workload was set at 65% VChmax. during
which they practiced PR while running on the treadmill.
Progressive Relaxation Protocol 
The progressive relaxation protocol used in this study only involved “relaxation” o f  the 
major muscle groups, as opposed to the “relax/contract” method. The protocol was a 
hybrid that combined controlled breathing, PR, imagery, and passive concentration. The 
necessary steps for practicing the protocol were given to the participants through written 
and verbal instructions (Appendix B). The verbal instructions were given through an 
audio tape script. All o f  the participants met with the researcher for an introductory 
session in which the instructions were given to them.
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Maximum Oxygen Consumption Test 
Maximal oxygen consumption (V02max.) was determined using a continuous modified
Astrand protocol The test was performed using a Quinton treadmill (Quinton 
Instruments, Seattle, WA). The participants began the test at a speed o f  6.0 mph and at a 
2.5% grade. The speed was held constant and the grade increased by 2.5% every two 
minutes, until the participant could not continue (voluntary exhaustion), or a leveling off
or decrease in VO2  occurred as the workload continued to increase. Subjects breathed
through a two way non-rebreathing valve. Expired gas was analyzed for oxygen and 
carbon dioxide every 30-seconds using the Vista Metabolic measurement system 
(Vacumetrics Inc, Ventura, CA ) equipped with Vista TurboFit software (version 3.2).
The Polar Heart Rate Monitor was used to measure HR responses (Polar USA Inc.. 
Stamford, CT ). The highest value o f  VO; attained during the graded test, per thirty-
seconds, was used to define VO^miv Sixty-five percent o f the participants’ V02max was 
then calculated and used to set as the workload.
Statistical Analysis
Statistical analyses were performed using a dependent t-test to determine significance 
(P< .05) between the control and treatment trials, for all four dependent variables (VOg,
HR. BP, and V e ). The results are represented as mean and their standard error.
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CHAPTER 4 
RESULTS
Progressive Relaxation Resting Data Analysis 
A dependent t-test revealed a significant difference in mean heart rate between the first 
exposure to PR and the tenth. Oxygen consumption, blood pressure, and minute 
ventilation did not differ significantly between the two trials (Table 2, 3 ,4 ; Figure 2, 3, 4). 
The results indicate that the mean heart rate during the last exposure to progressive 
relaxation decreased 11% as compared to the mean heart rate during the first exposure o f 
progressive relaxation (55.3 +/- .93 vs. 62.0 +/- .89, bpm p< 0.05) (Table 1; Figure 1).
Progressive Relaxation Exercising Data Analysis 
A dependent t-test indicated a significant decrease in minute ventilation when the 
control exercise trial and the treatment exercise trial were compared. Heart rate, oxygen 
consumption, and systolic blood pressure did not differ significantly between the two trials 
(Table 5. 6, 7; Figure 5. 6. 7). The results fi-om the dependent t-test indicate a significant 
reduction in minute ventilation fi-om the treatment exercise trial compared with the control 
exercise trial. A 6% reduction in minute ventilation was revealed between the two trials
23
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
24
(71.5 +/- 10.88 vs. 76.2 +/- 12.08, L/min p,0.05) (Table 8; Figure 8).
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Resting Heart Rate
Post
Figure 1. Pre and Post Treatment - Resting Heart Rate ’ Significant Difference p<0.01
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Table 1
Dependent t-test 
Resting Heart Rate 
Means_________ Pre Post
bpm 62 55
t-Test: Paired Two Sample for Means
Variable 1 Variable 2
Mean 62 55
Variance 61.2909992 40.1324662
Observations 5 5
Pearson Cor 0.98350175
Hypothesize 0
df 4
t Stat 7.7119074
P(T<=t)one-t 0.00076084
T Critical one 2.131846
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Resting Oxygen Consumption
Post
Figure 2. Pre and Post Treatment - Resting Oxygen Consumption
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Table 2
Dependent t-test
Resting Oxygen Consumption
Means_________ Pre_______Post
Ml/kg/min 3.51 4.28
t-Test: Paired Two Sample for Means
Variable 1 Variable 2
Mean 3.50772194 4.2765419
Variance 61.2909992 0.1535339
Observations 5 5
Pearson Cor -0.47336256
Hypothesize 0
df 4
t Stat -1.08825853
P(T<=t)one-t 0.16883005
T Critical one 2.131846
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Figure 3. Pre and Post Treatment - Resting Systolic Blood Pressure
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Table 3
Dependent t-test
Resting Systolic Blood Pressure
M eans__________Pre______Post
mmHg 119 117
t-Test: Paired Two Sample for Means
Variable 1 Variable 2
Mean 119 117
Variance 219.488 58.2275556
Observations 5 5
Pearson Cor 0.82162045
Hypothesize 0
df 4
t Stat 0.46949459
P(T<=t)one-t 0.33158283
T Critical one 2.131846
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Resting Minute Ventilation
Pre Post
Figure 4. Pre and Post Treatment - Resting Minute Ventilation
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Table 4
Dependent t-test 
Resting Minute Ventilation
M eans________ Pre_______ Post
ml/kg/min 5.49 6.48
t-Test: Paired Two Sample for Means
Variable 1 Variable 2
Mean 5.48680215 6.47735484
Variance 7.28258612 3.65893051
Observations 5 5
Pearson Cor 0.24834085
Hypothesize 0
df 4
t Stat - 0.76524743
P(T<=t)one-t 0.24339052
T Critical one 2.131846
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Exercising Heart Rate
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Figure 5. Pre and Post Treatment - Exercising Heart Rate
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Table 5
Dependent t-test 
Exercising Heart Rate 
M eans__________Pre Post
bpm 148 150
t-Test: Paired Two Sample for Means
Variable 1 Variable 2
Mean 148 150
Variance 189.3447 249.3699
Observations 5 5
Pearson Cor 0.875292
Hypothesize 0
df 4
t Stat - 0.42739
P(T<=t)one-t 0.24339052
T Critical one 2.131846
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Exercising Oxygen Consumption
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Figure 6. Pre and Post Treatment-Exercising Oxygen Consumption
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Table 6
Dependent t-test
Exercising Oxygen Consumption
Means_________ Pre_______Post
ml/kg/min 47.46 46.74
t-Test: Paired Two Sample for Means
Variable 1 Variable 2
Mean 47.46 46.74
Variance 23.24355 21.41033
Observations 5 5
Pearson Cor 0.981202
Hypothesize 0
df 4
t Stat 1.73372
T Critical one 2.131846
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Exercising Systolic Blood Pressure
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Figure 7. Pre and Post Treatment - Exercising Systolic Blood Pressure
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Table 7
Dependent t-test
Exercising Systolic Blood Pressure
Means_________ Pre_______Post
mmHg 161 163
t-Test; Paired Two Sample for Means
Variable I Variable 2
Mean 161 163
Variance 318.3616 262.3562
Observations 5 5
Pearson Cor 0.954042
Hypothesize 0
df 4
t Stat -0.06507
T Critical one 2.131846
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Exercising Minute Ventilation
Post
Figure 8. Pre and Post Treatment - Exercising Minute Ventilation ’ Significant Diff. P<0.01
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Table 8
Dependent t-test 
Exercising Minute Ventilaton
M eans__________ Pre______Post
Ml/kg/min 76.23 71.50
t-Test: Paired Two Sample for Means
Variable 1 Variable 2
Mean 76.23 71.50
Variance 146.0784 118.586
Observations 5 5
Pearson Cor 0.982055
Hypothesize 0
df 4
t Stat 4.26448
T Critical one 2.131846
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CHAPTER 5
DISCUSSION
The energy cost o f a given maximal or submaximal exercise bout is considered to be 
constant, and therefore should not change when the same exercise bout is repeated 
(Astrand & Rodahl, 1986). It is possible, however, to become more efficient through 
systematic training. That is to apply the principles o f overload and specificity to a 
particular exercise modality (McArdle et al., 1991). Evidence o f  becoming more 
efficient at a particular workload would be shown through a reduction in heart rate with a 
concomitant increase in stroke volume (McArdle et al., 1991). Oxygen consumption, 
whether trained or not, should not change when a given workload is repeated. It is 
possible, however, to alter heart rate and oxygen consumption through the use o f a 
psychogenic technique (Benson et al., 1974; Morgan, 1985).
Another possible pathway to economize may be through the use o f relaxation or 
meditation techniques, such as transcendental meditation, progressive relaxation, and 
standardized meditation (Benson et al., 1978; Ziegler et al., 1982; Ashley et al., 1995). 
One possible mechanism that may be responsible for economizing exercise is the ability 
to influence the autonomic nervous system (Benson et al., 1974). More specifically, a 
decrease in sympathetic nervous system activity and a concomitant increase in 
parasympathetic nervous system activity has been theorized to decrease heart rate.
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oxygen consumption, minute ventilation, and blood pressure (Benson et al., 1974;
Gelhom & Kiely. 1972).
In the earliest attempt to economize exercise through meditation, Benson and 
colleagues (1978) reported a 4% decrease in oxygen consumption during forty minutes o f 
cycle ergometry. at a fixed work intensity corresponding to a steady-state heart rate 
between 95 and 100 beats per minute. Heart rate and respiratory quotient did not change. 
Gervino and Veazey (1984) found significant decreases in VO; and SBP in sedentary 
females, while cycling at a fixed work intensity. More recently. Ashley et al. (1995) 
examined the physiological effects o f  progressive relaxation and standardized meditation 
on running economy in thirty-one trained runners. While the progressive relaxation 
group showed no differences, the standardized meditation group significantly decreased 
oxygen consumption, heart rate, and minute ventilation during two different running 
speeds, after just two weeks o f  self-instruction.
Conversely, Cadarette et al. (1982) failed to find significant differences in HR and 
VO: whüe cycling at a fixed work intensity, when they compared experienced meditators 
with non-experienced controls. In a study similar to Gervino and Veazey's (1984), 
Boone and DeWeese (1997) reported a significant decrease in minute ventilation and 
SBP, but no difference in HR and VOi.
The results o f  the current study are in agreement with Ashley et al. (1995), with 
respect to practicing progressive relaxation while exercising, in an effort to economize 
exercise, although like Cadarette et al. (1982), the current study did find significant 
decreases in Ve, during the elicitation o f  the relaxation response. The practical 
significance o f  this decrease in Ve is unknown. Physiologically, there may not be any
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benefit to reducing Ve during submaximal exercise. However, the participant may 
benefit psychologically. If  they recognize the decrease in Ve during exercise they may 
believe the work o f  the exercise is less. It is interesting to note that two o f the subjects 
were able to decrease HR during exercise while practicing PR. These results suggest that 
the ability to influence ones autonomic nervous system may be based individually, and 
may also differ with alternative relaxation/meditation techniques.
Another possible influencing factor may lie within the trained status o f  the 
participants. Although research suggests many runners use mental techniques while 
training (Morgan, 1985), they may have already maximized mechanical efficiency, thus 
limiting the ability to conserve energy. In contrast, someone o f  untrained status may 
benefit more using a similar relaxation/meditation technique, because they may be 
unaccustomed to running. Untrained individuals may be able to conserve energy through 
the general muscular relaxation that may accompany the use o f  a relaxation/meditation 
technique.
In summary, the results o f this study reveal that one-week o f  PR training is an 
effective technique for reducing HR at rest. Whereas the inability to alter HR during 
exercise while practicing PR suggests there was no carry-over effect fi-om rest to 
exercise, indicating the use o f  PR may not be the best technique to influence the 
autonomic nervous system during exercise.
Also, while one week o f  PR training decreased HR at rest, it may have been too short 
o f  a period to affect the dependent variable during exercise. In addition, the results show 
that it is possible to decrease minute ventilation during exercise, while practicing
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progressive relaxation. Lastly, it is clear that the participants in this study were unable to 
alter the physiologic cost o f  submaximal treadmill running.
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CHAPTER 6
CONCLUSIONS
The purpose o f this study was to determine the physiological effects o f progressive 
relaxation on exercise economy (i.e., oxygen consumption, heart rate), in trained runners 
during submaximal treadmill exercise. Based on the results o f  this study, practicing 
progressive relaxation while running on a treadmill has no significant effect on oxygen 
consumption or heart rate, as con^ared to running without PR. The null hypothesis 
stated that there would be no difference between practicing progressive relaxation while 
performing submaximal treadmill running verses not practicing progressive relaxation 
while running. Therefore, the null hypothesis was accepted based on the result o f the 
statistical analysis. These findings are in agreement with previous research involving the 
combination o f  progressive relaxation and submaximal exercise in an effort to economize 
exercise. Conversely, the results o f  this study disagree with the findings o f other research 
involving transcendental meditation or standardized meditation, both o f  which have 
reported significant decreases in the aforementioned dependent variables, suggesting the 
exercise was economized.
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APPENDIX I 
Submission Request to Human Subjects Committee 
Description o f  Study
Physiological Effects o f  Progressive Relaxation in Trained 
Runners During Submaximal Treadmill Exercise
1. Subjects: Subjects for this study will be trained male distance runners, who will be 
recruited form local “club” races and through a sign-up sheet located at a “running 
equipment” retail store. To minimize confounding variables, only male runners will be 
recruited to participate in this study.
2. Purpose. Methods. Procedures: The purpose o f  the study is to determine if trained 
male runners can decrease the energy cost o f  running on a treadmill, through the use o f a 
relaxation technique known as Progressive Relaxation (PR). In previous studies, 
participants have been able to decrease oxygen consumption and heart rate at rest as a 
result o f  practicing different types o f  meditation or relaxation. Only a few research articles 
have examined the effects o f  relaxation while exercising, and the results have been 
equivocal.
The methodology is as follows: The participants will meet with the researcher for a 
orientation session, in which all the participants will receive an explanation o f  the 
procedures, risks, and benefits o f  the study, as well as complete a PAR-Q health
46
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questionnaire (See attached appendix III) and informed consent (See attached appendix II) 
form before engaging in the study. The participants will then be required to complete a
maximum oxygen consumption test (VOomax) on a treadmill using a standard protocol.
On their next visit, the participants will run on the treadmill at a workload set to elicit 65
percent o f  their VO]max, for a duration o f  30 minutes. This exercise session will be
labeled as the control trial. After the control trial is completed, the participants will meet 
with the researcher to receive instructions on how to learn Progressive Relaxation. 
Progressive Relaxation is a non-cultic. non-religious method to decrease the amount o f 
tension in different muscle groups. The instructions will be in written and verbal form, the 
later consisting o f an audio taped script (please see attached form C). Each participant 
will be required to practice PR thirty minutes per day while at rest, and three times a week 
while exercising, for one month (a total o f  40 PR sessions). The participant be monitored
physiologically (i.e., heart rate, blood pressure. VO].) while practicing PR, once during
the first and last week (first and fortieth session). Upon completion o f the forty PR 
sessions, the participants will complete another treadmill test that is identical to the control 
test. The only difference will be the practice o f  PR while they are running on the 
treadmill.
Heart rate and blood pressure measured during the last fifteen minutes o f each test will 
be averaged, and a dependent t-test will be use to analyze the differences between the two 
resting PR sessions, as well as the difference between the two exercising sessions.
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3. Risks: The risk o f  being physically injured while performing a maximum oxygen 
consumption test is low. Each participant will be verbally instructed to exercise to 
voluntary exhaustion, which means they can quit the test at any time the feel the need to.
A familiarization o f  the treadmill will take place before any test begins, and the participant 
will be free to walk and run on the treadmill at any speed desired. The likelihood o f an 
injury occurring is very small because all o f  the participants will be trained runners. The 
risk of the participants' being psychologically injured is also very minute. The Progressive 
Relaxation protocol was developed by a medical doctor for the sole purpose o f reducing 
tension in the muscles, which may or may not being caused by stress. PR is a non-cultic 
and non-religious method for contracting and relaxing each major muscle group. All test 
results, and any personal data, will be coded and kept in a locked cabinet in the Human 
Performance Laboratory. If the study is published, no participants will be identified by 
name.
4. Benefits: Any anticipated benefits from the research will come from the following two 
area's: first, since each participant will be a trained runner, the results from their maximum 
oxygen consumption test can be used to track their training progress. Secondly, 
practicing any type o f  relaxation technique may be beneficially because it counteracts the 
negative effects o f  stress. The participants will trained distance runners ranging in age 
from 20 to 50 years. Another possible benefit to the participants is the learned ability to 
conserve energy while exercising, which may lead to better performance.
5. Risk - benefit ratio: The risk o f  being injured, as a result o f  participation in this study is
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very low, while there is a likelihood that subjects will benefit from learning relaxation 
techniques and having an assessment o f  maximal aerobic capacity.
6. Cost to subjects: There will be no monetary cost to the participants.
7. Informed consent: Informed consent will be obtained by the distribution o f an 
informed consent form (See attached appendbt II) and subsequently requiring each 
participant to read, comprehend, and sign the form before engaging in the study.
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APPENDIX II
C O N SE N T  TO  PA R T IC IPA T E  A RESEARCH STU D Y  BY THE 
U N IV E R SITY  OF NEV AD A, LAS V EGAS 
E X ER CISE PHYSIOLOGY LAB
TITLE OF THE STUDY
The Physiological Effects o f  Progressive Relaxation in Trained Runners During 
Submaximal Treadmill Exercise
PURPOSE
This study is designed to determine the effects o f practicing a relaxation technique 
(Progressive Relaxation) while running on a treadmill. The research question is as follows: 
Can trained runners decrease the energy cost o f  running on a treadmill through the use o f 
Progressive Relaxation?
PROCEDU RE
If you decide each to participate in this study, you will be required to meet on six 
occasions, for 30 to 60 minutes, in the Exercise Physiology Laboratory at the University' 
o f  Nevada Las Vegas. In addhioa you will be required to practice a relaxation technique 
(Progressive Relaxation) for 20 to 30 minutes a day, seven days a week, for one month. 
The investigation will last six weeks. During this time, you will complete the following:
1. A maximum oxygen consumption (VO]max) test.
2. Two, 30 minute treadmill test at 65 % ofVO]max.
3. A month long PR routine, practiced everyday at rest and three times during 
training runs
for a total o f  40 sessions.
4. Two 30 minute resting PR monitoring sessions (the first and fortieth PR 
sessions).
In addition, the following information will be obtained:
1. Age, height, and weight.
2. Resting heart rate and blood pressure
3. Length o f  time running.
The VO]max test will require maximal muscular effort and will continue until the
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participant achieves voluntary exhaustion.
RISKS
A maximum oxygen consumption test is a common method to determine ones maximal 
aerobic power. It utilizes a graded exercise test, which means the test difficulty will 
increase every three minutes, until the participant can no longer continue to exercise 
(voluntary exhaustion). The other two exercise test will be performed at a level o f  work
corresponding to 65 percent o f the participants VO]max, which is a moderately intense 
workload. Progressive Relaxation is a non-cultic, non-religious technique for decreasing 
the amount o f tension in different major muscle groups (i.e., upper extremities, lower 
extremities). It does not require any special mental abilities.
B EN EFITS
Through this research, we hope to learn if it is possible to decrease the energy cost o f 
running on a treadmill, through the use o f  Progressive Relaxation. The participants may 
benefit by learning PR, which may aid as a method o f stress reduction, if they should 
choose to continue the practice. Participants will also have an assessment of their maximal 
aerobic capacity.
CO N FID EN TIA LITY
.All test results, and any personal data, will be coded and kept in strict confidence. If the 
study is published, the participants will not be identified by name.
R IG H T TO REFUSE OR W ITH DRAW
You may refuse to participate in this study. You may also withdraw consent and 
discontinue participation at any time without penalty.
O U E ST IO N S
If  you have any questions, please feel f iw  to contact the investigator, Thomas Westedorf 
at 898-3205. If  you have any questions pertaining to participants' rights, please call the 
Office o f  Sponsored Programs at UNLV at 895-1357.
You will be given a signed and dated copy o f  this form.
VtY SIG NA TURE BELOW C ER TIFIES TH A T I U N D ER ST A N D  T H E  TEST PROCEDURE .AND HAVE 
D EC ID ED  TO V OLUNTEER AS A RESEA RCH  PA R T IC IPA N T . I HAV E READ THE PROVIDED 
INFOR.VLATION AND ALL Q U E ST IO N S R E G A R D IN G  TH E RESEA RCH  HAVE BEEN .ANSWERED 
TO  MY SATISFACTION.
Participant’s Signature P articipant’s N am e (Printed) Date
W itness Signature W itness N am e (Printed) Dale
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APPENDIX III
A Progressive Relaxation Routine Prior to Tm Exercise
Assume a comfortable position on the relaxation mat. Lie back and stretch out. Allow
your eyes to shut. Try to let the tension flow from your body as you become
progressively more receptive to the voice on the relaxation tape. Take a couple o f  deep
breaths to help your body relax naturally. Now, allow your breathing to normalize as the
frequency o f  breaths will decrease. Notice that your body feels relaxed.
^Tiat we are going to do now is relax every part o f your body — progressively. While
we are doing this, you will hear my voice clearly and distinctly, — even though it may go
down to a whisper from time to time. You will be aware o f  your surroundings although
you may care less and less about what goes on around you.
.As you lie there quietly, direct your attention to breathing once again. This time, take
a deep breath (very slowly), hold it as you feel the chest muscles stretch, and then very
gradually -- breathe out and relax. Allowing the body to get rid o f  tension about the chest
and neck areas as the air flows out o f  the mouth and nose. Notice how relaxed your facial
muscles are becoming. The lines o f  the face and neck are smoothing out as the body
relaxes. Allow the shoulders and arms to remain motionless and relaxed.
Breathe in very slowly and normally as you allow yourself to focus on feeling relaxed.
Direct your attention to your feet and think — imagine — that all the muscles in your feet
are becoming completely relaxed. Think o f  the bottom o f  your feet, your toes, the top o f
your feet, your ankles — imagine that there's a warm feeling o f  relaxation beginning at
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your heels, spreading across the bottom o f  your feet to your toes up to the top o f  your 
feet to your ankles. A warm feeling o f relaxation spreading deep — deep within your feet. 
All the muscles within your feet are becoming completely relaxed — relaxed — fully, 
completely relaxed.
Allow yourself to concentrate on this pleasant and enjoyable feeling. Breathe in, hold 
and relax as the air moves slowly out o f the lungs. Relax — relax.
Now. imagine that this warm pleasant feeling o f  relaxation is spreading from your feet 
up the calves o f  your legs to your knees — so that all the muscles in the lower part o f 
your legs relax. Breathe in, and sense the spreading o f  the relaxation response from your 
knees up into your thighs — deep, deep within your thighs. Relaxed — fully relaxed.
Your feet and your legs are relaxed -  fully — completely relaxed.
Now think o f  your hips, your pelvic region and allow all the muscles in this region to 
relax -- relax. Direct your attention to your stomach and relax all the muscles in this 
region. Your whole body is becoming so very relaxed. It is such a pleasant, restful feeling
— to just let yourself go — as relaxation spreads throughout your body. Just let yourself 
go — just go limp all over — permit every organ, every fiber o f  your being to become 
completely, — profoundly relaxed. Your whole body is becoming more and more 
relaxed.
This very pleasant, warm feeling o f relaxation is spreading from your shoulders, arms 
into the hands. All the muscles in your arms and hands are relaxing to their fullest. This 
feeling is very pleasant and soothing. You have no desire to move your body. You feel so 
restful ■ so pleasant to be fully relaxed - just like when you go to sleep. Relaxed - relaxed
- deeply -- soundly relaxed.
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You are feeling very tranquil, serene and relaxed. Allow your body to go into a deeper 
state o f  relaxation by counting (very slowly) backwards from 5 t o i .  At the count o f  I , 
allow your m ind’s eye to imagine yourself running out on a open country road. As your 
body continues in this state o f  complete relaxation, your mind will recall the physical and 
mental sensations felt during previous runs. As you see yourself running, imagine that 
your legs and feet are as light as the air that passes by you. Every movement you make is 
extremely fluid.
Notice that your body is so efficient that your performance is smooth and easy.
Continue to relax and enjoy the pleasant feelings spreading throughout your body. Think 
about how easy the exercise feels. Allow your mind to experience the ease and grace o f 
your movements.
As your body continues in this state o f  complete relaxation, picture yourself performing 
on the treadmill. Notice as the treadmill belt continues to move, your body continues to 
perform without any signs o f  discomfort o r pain. In addition to the work on the treadmill 
your body continues to respond in a relaxed manner. You begin to feel that the work on 
the treadmill is not only within your ability, but you enjoy the exercise. You feel happy to 
perform — content and completely at ease with yourself, the surroundings and particularly 
the exercise on the treadmill.
Continue thinking about how easy the exercise is on the treadmill. Allow the vivid 
feeling o f power and relaxation to spread throughout the body. Breathe in very very 
slowly while the eyes remain closed. .Allow your mind to picture yourself exercising on 
the treadmill in a peaceful and rhythmical marmer. Notice how strong, yet relaxed your 
body is. The arms and legs move so easily. Your whole body is so relaxed while
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exercising.
You are in total control o f  your body while relaxing or exercising. Allow your mind to 
direct the muscles to remain relaxed and believe in your ability to exercise with increased 
efficiency. I f  your body should begin to perceive any difficulty while running, your mind 
will instruct your body to relax and allow your inherent qualities and skills to adjust to the 
exercise.
Continue to relax, deeply — soundly, until I begin to count. When I begin to count, 
you will become alert again — so that by the time I reach the count o f  10 you will be fully 
alert. You will be free o f all discomfort and feeling very happy — relaxed and refreshed. 
Now, I shall begin counting and at the count o f 10 you will be alert. 1 — 2 -- 3 -- 4 -  5 — 
6 - 7  —8 - - 9 - 1 0 .  Open your eyes wide and feel alert.
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APPENDIX V 
RAW DATA
VE Resting
Minute; 1 2 3 4 5 Mean
5 0.46 7.04 8.25 7.49 5 9 5 5 838
5.5 0.66 9.54 6.35 10.23 4 58 6 272
6 1.59 5.53 5.94 6.91 4 59 4 914
6.5 1.44 7.71 5.88 13.45 5.81 6  858
7 1.27 7.3 7.23 13.19 461 6 72
7.5 0.88 7.46 5 6 6 12.25 5.34 0 318
8 0.82 6 73 7 82 116 4 92 6 72
8 5 0 85 9.19 4 87 8 21 5 58 G 318
9 1.95 7 6 5 7 56 40 25 5 65 G 78
9 5 0.43 7.18 4 23 821 4 95 5 74
10 1 27 8 2 5 37 7 73 4 56 GG12
10 5 1 15 7.01 4 95 7 92 5 52 5
11 1.18 5 9 9 5 35 1023 4 71 5 426
11.5 1.69 7.32 5.98 1045 7 6 5 29
12 1.24 7,27 5 6 8 11.08 4 06 5 492
12 5 1 24 7 36 5 89 6 83 3 09 6 608
13 1 68 7.4 5 21 7 7 3 42 5 866
13 5 1 25 6 83 5.67 6 54 4.59 4 882
14 1.5 8 39 6 2 9 51 6 01 5 082
14.5 1.56 8.07 3 85 6 8 3 92 4 976
15 1.6 0.91 5.64 7.74 5 53 6 322
15.5 1.32 0.95 5 2 5 7.42 4 03 4 84
16 1.44 0.92 6.35 8.04 4 86 4 284
16.5 1.85 0.88 4.5 801 2.38 3 794
17 2.15 8.16 4.35 7.21 4.53 4 322
1 7 5 2.18 8.18 4.69 9 24 3.53 3 524
18 2.24 6.43 5.87 7.43 0.62 5 28
18.5 1.34 9.51 4.05 6.32 6 6 2 5 564
19 1.83 7.51 5.28 8.39 7.1 4 518
19.5 1.68 5.06 5.38 7.98 7 7 5 568
20 3 2 8 8.79 4 8 8 7.54 4.96 5.89
1 1.452258 6.660323 5 705333 8 77129 4.878065 5476129
0.573926 2.462384 1.161164 1.955336 1.449971 0925412
mean 0.395196 0  369709 0.203523 0 222925 0 297243 0.16899
Mean
STD
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Minute
STD
Posttest 
 1
Ve  Resting 
2 3 4 5 Post Mean
5 5.79 11.81 3.37 10.13 9.19 8.058
5.5 4 8 3 9.17 4.81 7.15 5.83 6 358
6 7.04 11.92 3.4 7.24 6 98 7 316
6.5 5.92 991 6.45 6.71 6.77 7.152
7 5 8 6 3 9 6.74 7.18 6 4 8 6 518
7.5 5 2 4 7.48 4.14 4.67 6.62 5.63
8 5.68 8 5 4 2.68 8.51 7.15 6 512
8.5 6.42 10.98 6.02 5.06 5.87 6.87
9 6.04 9 66 4 8 5.89 6 4 6 6 57
9.5 5 62 11 38 4 98 6.15 4.92 661
10 6 36 6 9 5 4 09 7.99 5.89 6 256
10 5 4 6 5 12.42 5.05 4.75 4 06 6.186
11 7 6 12.51 4 56 4.73 5 65 7 01
115 6 55 10.39 4 68 6.71 6.12 6 89
12 5 51 10 04 527 5.71 6.15 6 536
12.5 5.33 12 75 4.5 4 62 4.59 6 358
13 5 3 7 6.7 4.77 7.04 4 21 5.618
13 5 5 73 11 48 4 59 5.59 6.98 6.874
14 6.11 11 25 4 74 5 92 5 6604
14 5 4 89 7 86 4.77 6.54 3 56 5 524
15 7 36 9 13 4 83 7.93 5.56 6 9 6 2
15.5 6 3 3 10.92 4 5 5.15 5 15 641
16 6 6 8 9.73 5.21 5.56 6 01 6 638
16.5 4 83 11.2 4.78 4.09 4.8 5.94
17 6.14 10.42 6.18 4.27 4 22 624 6
17.5 5.33 7.04 4.27 5.48 4 39 5.302
18 7.01 8 5 2 3.84 6.89 5.48 6.348
18.5 6.36 9.27 6.51 6.02 5.03 663 8
19 6.51 6.45 2.77 5.3 5 6 7 5.34
19.5 7.17 9 7 7 6.04 5.98 6.37 7.066
20 4.59 10.48 4.46 7.14 5.62 6.458
n 5.960968 
1 0811149  
mean 0.136077
9.75871 4.767742 
1.883349 0.999552 
0.192992 0 209649
6.19677 5.702581 6 477355 
1 35291 1.14175 0.596395 
0.21833 0.200216 0.092074
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Pretest HR Resting
Minute 1 2 3 4 5 Pre mean
5 55 54 66 66 67 61.6
5.5 58 53 70 66 69 63.2
6 60 51 70 66 67 62.8
6.5 61 51 69 61 69 62.2
7 57 50 70 64 72 62.6
7.5 57 51 70 67 70 63
8 56 52 69 69 69 63
8.5 56 49 69 59 70 60.6
9 59 51 68 63 69 62
9.5 61 50 69 63 71 62.8
10 56 48 70 61 71 61.2
10 5 58 50 69 63 68 61.6
11 58 52 67 63 72 62.4
11,5 64 50 70 61 70 63
12 58 49 70 61 68 61.2
12.5 58 47 69 57 67 59.6
13 59 49 69 61 69 61.4
13 5 61 51 69 60 68 61 8
14 61 50 69 58 66 60.8
14.5 65 49 69 59 68 62
15 66 52 69 59 70 6 3 2
15 5 63 49 70 60 70 62.4
16 65 52 70 59 68 62.8
16.5 62 48 69 58 67 60.8
17 59 50 72 61 69 62 2
17 5 61 49 70 61 69 62
18 62 52 70 60 70 62.8
18 5 62 51 70 61 71 63
19 62 50 69 62 71 62.8
19.5 58 49 71 62 69 61.8
20 59 52 70 61 69 62.2
Mean 
Std. Dev
59.90323
2.890846
50.35484
1.582159
69.3871
1.085585
61.67742
2.832985
69.12903
1.521883
62.09032
0.880664
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Posttest HR Resting
Minute 1 2 3 4 5 Post Mean
5 51 43 60 60 67 56 2
5.5 51 48 62 56 63 56
6 51 50 64 56 62 56.6
6.5 52 46 64 55 66 56.6
7 52 43 62 56 64 55.4
7.5 49 46 60 56 62 54.6
8 51 44 63 56 63 55.4
8.5 49 47 62 55 64 55.4
9 53 46 61 56 61 55.4
9.5 52 45 63 56 66 56.4
10 52 44 61 57 63 55.4
10.5 53 49 61 56 60 55.8
11 51 50 66 56 62 57
11.5 50 47 64 56 60 55.4
12 53 47 61 58 57 55 2
12.5 53 46 60 54 57 54
13 51 45 63 57 57 54 6
13 5 52 46 61 58 58 55
14 51 43 61 57 55 53 4
14.5 52 43 62 58 56 54 2
15 54 45 62 56 60 55 4
15.5 54 47 62 57 58 55 6
16 53 47 60 58 59 55 4
16 5 56 48 60 58 60 56 4
17 52 53 62 59 58 56 8
17.5 52 50 59 58 58 55.4
18 53 43 60 57 55 53 6
18.5 52 44 63 56 58 54.6
19 58 40 61 56 57 54.4
19.5 54 44 61 56 58 54.6
20 55 45 59 55 57 54 2
Mean
STD
52.32258
1.868816
45.93548
2.707219
61.6129
1.605769
56.6129
1.282638
60.03226
3.311433
55 30323 
0.933625
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Pretest V 02 Resting
Minute 1 2 3 4 5 Pre mean
5 0.373 2.659 5.32 3 518 4.93 3.36
5.5 0.573 3 366 4.842 5 292 3 968 3.6082
6 1.425 2.194 3 9 1 7 3.295 4 213 3.0088
6 5 1.319 3.453 5.986 6.097 5 373 4.4456
7 1.175 3.127 3 61 4 742 4.073 3.3454
7.5 0.82 3.018 3.72 4 207 4.839 3.3208
8 0.754 2.589 4.52 4 435 4 509 3.3614
8 5 0.75 3.762 5.085 3.311 5.195 3.6206
9 0.741 3.134 3.688 4.679 5.133 3.475
9.5 0 36 9 2.963 4.52 3.645 4 323 3.164
10 1 086 3.691 3 6 5 3 6 2 2 4.016 3.213
10.5 0.976 3.168 4.277 3.947 4 673 3.4082
11 1 003 2.841 3 852 4.911 3 974 3.3162
11 5 1 465 3 6 3 4 51 4 767 6.555 4.1854
12 1.07 3 8 3 4.35 4 62 3.034 3 3808
12 5 1.069 3.82 4.388 3 178 2 282 2.9474
13 1.436 3.776 4 522 4 039 2.928 3 3402
135 1 06 3 508 4.566 3 293 3 772 3 2398
14 0 846 4.278 3.522 4 941 4 867 3.6908
14.5 1 343 4.164 3.588 3 71 2 531 3.0672
15 1 423 3 761 4 522 4 557 4 373 3 7272
155 1 178 4 248 5.733 4 154 3 2 4 3.7106
16 1 258 3.171 4 522 4 545 3 052 3 3096
16 5 1 577 4 123 5 125 4 255 1 759 3.3678
17 1 764 4 236 4 529 4 091 3.623 3.6486
175 1.785 4 13 5.1 5 202 2.708 3.785
18 1.766 3 216 4.691 4.086 0.498 2 8514
185 1 028 4.453 5 354 3.545 4.356 3.7472
19 1 393 3.439 4 52 4.942 5 304 3.9196
19.5 1 27 2.388 6.522 4.72 4.887 3.9574
20 2.602 4.368 4.221 4 4 3 9 3.034 3.7328
Mean 1 198533 3.500129 4.620367 4 283387 3.936194 3.492129
STD 0.45561 0.608336 0.782466 0.688182 1.234125 0.354649
% of mean 0.380139 0.173804 0.169351 0.160663 0.313533 0.101557
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Posttest V02 Resting
Minute 1 2 3 4 5 Post Mean
5 4.218 4 757 2.697 4.564 6 32 4.5112
5 5 3.515 3776 3.714 3.431 3.842 3.6556
6 5.726 5325 2.947 3.555 4 917 4.494
6 5 4.442 4 6 3 5 5.211 3.607 4 986 4.5762
7 4 2 7 6 3 156 4 955 4.036 4.616 4.2078
7 5 3.904 3994 2 961 2.605 4.732 36392
8 4.32 4.128 2.034 4.386 5 262 4.026
8 5 4.958 5.401 4.887 2.832 4.085 4.4326
9 4.573 4.651 3 962 3.734 4.673 4.3186
9 5 4 071 5487 4 194 4.019 3.689 4.292
10 4.65 3317 3 43 2 4.767 4 638 4.1608
10 5 3 4 5 5 5499 4.464 2.749 3 2 7 7 3.8888
11 5.514 5 528 3 9 1 2 2.998 4 887 4 5678
11 5 5 114 4 62 3 96 7 4 503 5.132 4.6672
12 4.061 4.483 4.406 3.49 5.177 4.3234
12 5 3.839 5 45 9 3.778 2.976 3 8 5 5 3.9814
13 3 94 5 3 12 4 093 4 868 3 522 3.9096
135 4.185 5214 4.011 3 803 5.496 4.5418
14 4.501 4 843 3 949 3.843 4 026 4 2324
14 5 3.732 3.719 3 939 3.948 3 0 3 3.6736
15 5.85 4 76 4.099 4.854 5 276 4.9678
15 5 4 814 5 342 3 791 3 055 4 896 4.3796
16 4 825 4 766 4 504 3648 5 538 4 6562
16 5 3 61 7 5 121 4.12 2 735 4 142 3.947
17 4 711 4 885 5 182 3056 3.642 4 2952
17 5 3.969 3 79 3 44 8 4.134 4 102 3.8886
18 5.194 4 682 3 05 9 4 999 5 318 4.6504
18 5 4 517 4 604 5.373 3.935 4.738 4 6334
19 4 734 3.172 2.304 3.508 5.233 3.7902
19.5 5.385 5001 4.926 3.952 5.564 4.9656
20 3 2 1 6 5.054 3.711 4.592 4.921 4.2988
Mean 4.446161 4.589968 3.936452 3.780065 4.630065 4.276542
STD 0.67209 0.748974 0.822598 0.693245 0.771207 0.365593
%of mean 0.151162 0.163176 0.208969 0.183395 0.166565 0.085488
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Pretest
Minute
Sys. BP 
2
Resting 
3 4 5 Pre mean
4 120 110 140 112 112 118.8
8 120 116 140 122 110 121.6
12 110 104 146 128 106 118.8
16 120 100 146 118 98 116.4
20 120 110 140 128 98 119.2
Mean 118 108 142.4 121 6 104.8 118.96
STD 4.472136 6.164414 3286335 6.841053 6.572671 1.846077
% of mean 0.037899 0.057078 0.023078 0.056259 0.062716 0 015518
Posttest Sys BP Resting
Minute 1 2 3 4 5 Post Mean
4 118 120 130 118 118 120.8
8 122 118 130 112 114 119 2
12 112 118 132 110 118
16 100 116 128 108 113
20 110 115 130 110 108 114 6
Mean 112.4 117.4 130 113 3333 111.6 117.12
STD 8.414274 1.949359 1.414214 4.163332 4 335897 3 239136
%of mean 0.07486 0 016604 0010879 0036735 0.038852 0.027657
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Pretest Ve Exercising
linute 1 2 3 4 5
5 79.51 85.22 59 54 72.94 60.69
5.5 87.45 83.49 57.42 69 13 64.3
6 83.5 82.21 60.63 71 22 64.7
6 5 81.69 85.13 58.84 72.45 62.59
7 81.87 83.2 6021 75.16 66.26
7.5 85.54 82.77 59.4 75.34 62.68
8 86.5 82.11 60 75.12 68.17
8.5 79.3 80.33 59 37 74 91 63.64
9 88.64 84.77 59.13 72.62 69.57
9.5 88.41 84.64 58.01 7362 64.55
10 86.29 85.35 59.76 75.74 67.86
10.5 90.02 84.27 58.78 78.39 65 58
11 86.99 84.8 62.25 75 99 71 29
11 5 90.11 86.58 64 03 82.11 69.94
12 87.2 86.75 62 55 80.42 68.36
12.5 93.49 84.16 59 79 25 71.91
13 86.35 85.32 60.24 76 68 72.7
13 5 98.16 83.21 59 34 77 63 68.07
14 99 28 84.2 60 85 75.41 71
14 5 96.53 84.6 60.63 80 69 8
15 95 72 87.32 61 59 81.2 68.57
15.5 96 89 88.04 61 66 81 93 68.32
16 93 89 87.14 62 12 76 81 67.54
165 93.16 83.36 59 85 78.62 70.5
17 105 23 85.42 5987 75.56 70 54
17.5 90.65 83.23 60 34 79.25 71.97
18 84 79 85.32 62.72 80 62 69 39
18.5 96 44 85.33 58.56 7978 69.98
19 95.69 87.6 61 22 76.04 69.33
19.5 98.49 85 3 61.56 82.27 72.48
20 96.29 86.61 61.41 77.74 66.96
20.5 93.24 86.25 62.12 79 83 72.19
21 95.82 82.73 59.73 80.99 7325
21.5 88.22 86.41 57.31 77.36 71.17
22 100.54 84.6 61.05 78.93 69.91
22.5 100.79 85.48 62.21 76.38 71.1
23 96.66 85.88 60.22 79.17 69.38
235 88.46 84.58 61.15 82.07 68.3
24 97.56 87.22 62.63 79.17 7051
2 4 5 93.03 85.04 60.5 79.37 69.72
25 97.14 85.5 58.47 80.48 72.44
Mean 
STD 
% of m e a n
90.45387  
6.430176  
0.071088
84.7671
1.759987
0.020763
60.35097
1.500996
0.024871
76.90161
3.357273
0.043657
68.71
3.162602
0.046028
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Posttest Ve Exercising
Minute 1 2 3 4 5
5 84.04 82.02 62.13 67.29 62.41
5 5 76.91 74.93 58 29 66.67 60.54
6 80.56 80.53 57 67 67.67 56.13
6 5 78.14 81.21 53.92 69 1 61.15
7 78.59 82.32 53.83 67.83 61.57
7.5 73.4 83.45 57.32 67.49 58.37
8 78.43 82.37 55.91 68.49 63.58
8.5 87.75 85.07 58.65 69.77 62.05
9 79.18 82.11 56.39 70.48 61 25
9.5 80.12 88.2 56.85 68.39 63.81
10 81.23 80.15 54.42 75 32 63.27
10.5 85.25 81.51 58.22 74.46 65.78
11 82.85 79.28 59.73 71.54 62.62
115 86.36 76.56 59 71.48 66.67
12 85.05 82.99 57 89 72 66 63 21
12 5 81.05 82.96 55 39 75 28 63 55
13 9 0 6 3 79.71 57.36 71 6 63.41
13 5 84 2 84.45 58 79 69.14 63.65
14 92 68 81 42 61.4 70.52 61 38
14 5 84 73 82 55 60.88 72 28 62 12
15 92 12 82.55 59 85 61 91 64 59
15.5 81 8 84 17 61.88 67.86 62 21
16 86 85 81 73 61 68 70.16 62.15
16 5 91 5 80.52 60 56 69 64 64 4
17 80 31 81 43 63 92 72 84 62.77
17.5 81.77 81.09 64.3 66.57 64 83
18 87.81 79.86 6 3 6 7 76.28 61 5
18.5 84.14 78.9 62 91 71.11 62.15
19 93.27 79.78 62.77 72.48 67.9
19.5 79.27 80 37 60 31 71.07 60.47
20 85.83 78.99 63.84 73 63 63.74
20.5 89.75 78.31 61 59 72.25 63.19
21 92.62 77.75 63.14 71.04 67.55
21.5 86.5 78.56 61 02 74.26 63.19
22 93.4 73.81 60.44 74.26 63.58
22.5 92.3 72.97 6 0 7 4 73.66 61.44
23.5 89.68 77.3 63.5 69.85 61.43
24 86.35 79.38 61.9 70.58 62.16
24.5 92.25 78.46 62.4 76.47 62.53
25 85.94 76.4 62.89 71.79 58.97
90.78 77.41 61.16 75.75 62.03
Mean
STD
%of mean
83.73613
4.983365
0.059513
81.3929
2.485076
0.030532
59.34613
3.058375
0.051535
70,35516
3.07983
0.043775
62.68484
2.245717
0.035826
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Pretest HR Exercising
Minutes; 1 2 3 4 5
5 146 135 131 161 140
5 5 141 135 131 161 142
6 150 135 130 162 142
6 5 150 136 131 162 144
7 151 139 130 163 144
7 5 152 135 131 164 146
8 152 135 129 160 145
8 5 152 135 131 160 145
9 152 137 129 163 144
9 5 154 137 131 163 146
10 154 136 130 164 145
10.5 153 137 130 164 148
11 153 138 132 164 150
11 5 154 138 133 166 148
12 154 139 133 166 150
12 5 154 140 131 165 155
13 156 138 132 166 152
13 5 157 137 131 166 151
14 159 139 133 166 150
14 5 158 137 130 166 152
15 152 138 130 168 152
155 159 137 133 167 151
16 158 139 131 165 150
16 5 159 136 131 165 155
17 159 138 132 165 152
17 5 159 139 132 166 152
18 160 140 133 166 150
18 5 159 138 129 165 158
19 159 138 132 168 153
1 9 5 161 138 133 168 154
20 160 138 132 166 152
20.5 160 139 133 167 157
21 163 139 132 167 154
21.5 159 139 130 167 152
22 161 138 130 167 155
22.5 160 141 130 166 157
23 160 141 128 166 155
23.5 161 141 132 167 155
24 160 143 131 168 155
24 5 161 137 130 168 158
25 160 140 128 167 157
n 156.1463 137.9268 131 165.1463 150.561
4.693405 1.902502 1.378405 2.231154 4 832436STD
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Posttest HR Exercising
Minute 1 2 3 4 5
5 156 131 134 156 152
5.5 158 130 133 156 152
6 157 133 133 158 152
6.5 158 131 131 158 152
7 159 131 134 157 155
7.5 162 131 134 158 155
8 160 132 134 160 156
8 5 161 132 134 159 156
9 161 133 134 161 155
9.5 162 130 133 159 155
10 163 128 134 160 155
10.5 162 132 134 159 163
11 161 132 133 160 160
11.5 161 131 133 162 159
12 161 134 134 160 158
12 5 162 133 134 157 158
13 164 135 134 157 160
13 5 165 135 135 158 159
14 164 134 135 160 159
145 165 134 136 159 159
15 165 135 135 151 159
15.5 165 134 135 154 158
16 167 132 135 158 160
16 5 166 131 128 158 158
17 164 134 136 159 159
17 5 167 133 137 159 159
18 167 134 136 160 159
18.5 168 134 128 160 160
19 170 136 136 160 161
1 95 167 133 138 160 160
20 168 33 137 161 163
20 5 168 130 137 161 164
21 169 134 135 162 161
21.5 171 136 138 162 160
22 170 132 138 163 161
22.5 170 133 137 161 161
23 171 135 137 162 161
23.5 171 W 137 162 160
24 171 134 137 162 161
24.5 171 137 135 163 160
25 171 136 138 163 162
1 164.8537 130.5366 134.7805 159 3902 158.4634
4.407726 15.73388 2.29687 2.47869 3.099174STD
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Pretest VO2 Exercising
Minute 1 2 3 4 5
5 49.47 4 8 8 3 38 58 47.57 44 17
5.5 50.19 49.15 37 92 47.11 44
6 50.61 4 9 6 3 39 08 46.92 45.84
6.5 48.87 49.79 38 11 4 6 9 43 99
7 49.43 49 58 38.5 46.94 47.19
7.5 50.64 48.93 37.46 47 64 43 53
8 50.13 49.89 37.98 47.64 46.9
8 5 50.46 48 66 39 03 47.64 44 29
9 49.36 50.18 38.91 45.92 46.85
9.5 41.4 49.21 37.77 48.06 44 01
10 49.96 4 9 2 5 3 8 6 4 47.95 45 3
10.5 49.68 50.74 39 18 47 98 45 76
11 49.63 50 38 39 82 47 02 48 23
11.5 51.09 49.63 40 31 48 93 46.49
12 49.47 50 33 40 01 49.69 45 01
12.5 50.8 49.4 38 39 47.81 48.01
13 50.12 49 6 39 71 48.37 49 86
13.5 51.13 49 31 38.97 48.71 47 19
14 51.27 50 06 39 63 48.56 48 09
14 5 50.93 50.26 39 67 49.51 47 83
15 50.12 50.74 39 47 47 98 47 88
15 5 52.39 50 26 39 36 49.77 4 5 4 9
16 51.55 50 39 39 51 47 97 45 2
16 5 50.13 50.43 38 9 48.17 48 47
17 53.49 5 0 4 8 38 38 48 28 48 98
17.5 51.42 49.66 39 63 48 13 46.94
18 52.74 51.32 41 03 50 06 45.42
18 5 54.79 51.48 37.52 49 23 45.56
19 51.82 50.34 40 31 47.06 48.42
19.5 52.48 50.57 39 89 49 73 49.14
20 52.05 51.11 39.42 4 8 2 44 35
20.5 50.16 50.82 40.6 49 13 47.76
21 50.85 50.59 38.98 49.49 47.59
21.5 51.89 51.31 37.3 48.22 47.61
22 53.99 50.65 40 25 48.69 47.39
22.5 54.26 51.35 40.04 48.42 47.49
23 53 50.35 39.29 48.42 46 54
23.5 51.56 51.06 39.5 49 21 46 81
24 54.52 51.43 40.42 49 03 46.16
24.5 51.57 50.93 39.42 48.91 48.56
25 52.71 50 38.28 49.56 47.22
1 51.66355 50.45903 39.41387 48.65129 47.12097
1.492762 0.634473 0 846978 0.772398 1.372505
nean 0.028894 0.012574 0.021489 0 015876 0.029127
Mean
STD
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Posttest V 02 Exercising
Minute 1 2 3 4 5
5 47.72 48.41 39.18 45 24 45.02
5 5 48.08 47.43 38 13 45.72 45 18
6 52.52 48.55 39.23 46.16 44.62
6 5 49.14 48.47 3908 46 7 47.69
7 5 0 6 49.34 37.76 46.32 47.9
7.5 49 29 48.24 39.01 47.04 45.11
8 52.95 48.79 38 53 45.84 47.36
8 5 51 7 49.26 39.77 45.77 46 91
9 51 49.61 38.06 46.05 45 29
9 5 50.84 50.04 38 33 45 93 47 97
10 52.62 48.87 38 36 48.1 45.31
10.5 50 24 48.81 39.33 47 48.44
11 50 9 48.43 39 36 46 35 47.81
11 5 52.16 48.77 3907 47 01 49.27
12 51 8 48 71 38.94 46 66 47 34
12 5 52.4 50 38 37 95 47 66 48.63
13 51 27 50 26 38 39 46 41 46 99
13 5 50.57 48.66 39.81 46 57 47 36
14 52 46 49.64 40.05 47 5 46.26
14 5 48.8 49.84 39 05 45 04 46.09
15 52.47 49.98 38.85 35.44 47.27
155 51 08 49 02 39.44 40 98 45 9
16 51 52 4961 3 8 6 44.75 45 52
16 5 51 76 49.56 39 85 46 73 47.25
17 52 69 49 65 40.35 47 02 45 54
17 5 51 48 50.05 39.89 46.13 48.07
18 51 92 49.22 39.48 49.13 44.36
185 52 08 49.13 38.75 47.19 47.15
19 52 87 47 93 3934 48 22 48 93
19 5 51.32 48.48 38.06 48 33 45 59
20 52.23 47.99 39 87 48.34 45 2
20 5 51 67 48 38.93 47.53 47.43
21 52.55 47.86 39.29 47.01 50.13
21.5 50.46 48.55 39.16 49.5 47.59
22 53.22 46.1 38.84 47 89 47.71
22 5 52.01 46.32 38.87 47 7 46.43
23 52.02 48.12 40.17 48.25 45.98
23.5 50.88 4 8 4 5 40.36 47.79 46.54
24 53.53 48.44 39 8 49.35 46.83
24.5 52.72 47.3 39.93 48.92 4 6 2
25 52 74 48.52 39.35 49.39 46.6
Mean 51.82065 48.73065 39.27387 46 89968 46.95871
STD 0.987755 1.020885 0.641154 2.688306 1 303341
%of mean 0.019061 0.02095 0.016325 0 05732 0 027755
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Pretest Systolic blood pressure Exercising
Minute 1 2 3 4 5
10 150 180 190 160 148
12 150 180 190 156 152
14 146 170 190 150 155
16 148 170 186 150 150
18 146 160 190 150 148
20 146 160 190 150 144
22 146 170 186 150 146
24 150 170 190 150 146
Mean 147.75 170 189 152 148625
STD 1.982062 7 559289 1.85164 3854496 3583195
% of mean 001 34 15 0 044466 0.009797 0025359 0 024109
Posttest Systolic blood pressure Exercising
Minute 1 2 3 4 5
10 140 180 186 150 158
12 146 180 186 150 160
14 146 180 190 146 160
16 150 176 190 150 156
18 150 170 190 154 160
20 150 160 186 150 160
22 150 166 180 150 160
24 148 166 182 150 160
Mean 147.5 172.25 186.25 150 159.25
STD 3 505098 7 814821 3.770184 2.13809 1.488048
%of mean 0 02 37 63 0.045369 0.020243 0.014254 0.009344
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